INKJET HEAD AND MANUFACTURING METHOD OF THE SAME 



BACKGROUND OF THE INVENTION 

[0001] 

1. Field of the Invention 

The present invention relates to an inkjet head for 
ejecting ink onto a record mediuia to print, and also to a 
manufacturing method of the inkjet head. 

[0002] 

2. Description of Related Art 

An inkjet head used in an inkjet printer includes 
therein an ink tank and pressure chambers. . Each pressure 
chamber is supplied with ink from the ink tank. When a 
piezoelectric element provided above a pressure chamber 
is deformed to change the volume of the pressure chamber/ 
pressure is applied to ink in the pressure chamber so 
that the ink is ejected through a nozzle connected to the 
pressure chamber. To deform the piezoelectric element/ 
in generals a driving signal is supplied to a surface 
electrode provided on a face of the piezoelectric element 
opposite to the pressure chamber. An electric field is 
thereby applied to the piezoelectric element. The 
surface electrode is connected to a terminal on a printed 
circuit board such as a flexible printed circuit (FPC) . 
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The driving signal ia supplied to the surface electrode 
through the printed circuit board from a driver IC 
connected to the printed circuit board. 
[0003] 

In general, electrical connection between the 
terminal of the printed circuit board and the surface 
electrode is realized in the manner that solder 
interposed between the terminal and surface electrode is 
melted with heat (see JP-A-7-156637 6) * Besides/ there is 
known a method using no solder (see JP-A-8-156252 ) - In 
the method using no solder, a printed circuit board is 
prepared on which two films are put in layers. The lower 
film has a cut-out portion larger in area than the 
surface electrode. A terminal smaller in area than the 
surface electrode is provided on the lower face of the 
upper film within the cut-out portion of the lower film. 
After a conductive adhesive is dropped on the surface 
electrode, the terminal is pressed onto the surface 
electrode so that they are electrically connected to each 
other. The connecting portion between the terminal and 
the surface electrode is at a position opposite to a 
pressure chamber. 

[0004] 

in the above technique using solder for 
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electrically connecting the terminal of the printed 
circuit board and the surface electrode to each other/ 
however, the solder having melted with heat to have high 
fluidity may move into a region on the surface electrode 
opposite to the pressure chamber. In this case, 
deformation of a piezoelectric element upon ink ejection 
may be hindered due to the rigidity of the solder . This 
causes deterioration of ink ejection performance. To 
avoid this, for example, such a measure is taken as 
elongating distances between neighboring connecting 
portions of the terminal and the surface electrode, 
however, this is contrary to high integration, 
Furthermore, in case the surface electrode is made of 
metal/ the surface electrode is easily diffused into 
solder when the solder adheres to a surface electrode. 
This may cause rise of the resistance between the surface 
electrode and the terminal, and at worst, electrical 
braking may happen. 
[0005] 

In addition, when surface electrodes corresponding 
to the respective pressure chambers are connected to 
terminals corresponding to the respective surface 
electrodes, solder having melted to have high fluidity 
may cause a short circuit between neighboring connecting 
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portions • 

[0006] 

In the above technique using a conductive adhesive 
in place of solder/ because the conductive adhesive is 
lower in fluidity than solder upon being heated, the 
conductive adhesive stays within each cut-out portion of 
the lower film on the printed circuit board. Therefore/ 
the above-described problems with the case of using 
solder , such as hindrance of deformation of a 
piezoelectric element, rise of the resistance, braking, 
and a short circuit, are relieved in comparison. However, 
because the connecting portion between the terminal and 
the surface electrode is at a position opposite to a 
pressure chamber as described above, there is a problem 
that deformation of a piezoelectric element upon ink 
ejection is hindered. This makes it difficult to change 
the volume of the pressure chamber and thus it causes 
deterioration of ink ejection performance, 

SUMMARY OF THE INVENTION 

[0007] 

An object of the present invention is to provide an 
Inkjet head capable of suppressing hindrance of 
deformation of a piezoelectric element, and to provide a 



manufacturing method of the Inkjet head. 
[0008] 

Another object of the present invention is to 
provide an inkjet head capable of suppressing hindrance 
of deformation of a piezoelectric element/ rise of the 
resistance/ braking^ and a short circuit between 
terminals with suppressing hindrance of deformation of a 
piezoelectric element/ and to provide a manufacturing 
method of the inkjet head* 

[0009] 

According to an aspect of the present invention, an 
inkjet head comprises an ink passage unit including 
pressure chambers and a plurality of wall portions 
defining each of the plurality of pressure chambers; and 
an actuator unit including a piezoelectric element 
disposed on the ink passage unit, a surface electrode 
disposed on the piezoelectric element and having a main 
electrode portion opposed to a pressure chamber and a 
connecting portion opposed to a wall portion, and a land 
disposed on the piezoelectric element in a region opposed 
to the wall portion* The land is electrically connected 
to the surface electrode. The inkjet head further 
comprises a printed circuit board on which a terminal 
electrically connected to the land and a predetermined 
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wiring pattern are provided; and a xnetelXlc bond for 
electrically connecting the land to the terminal. The 
metallic bond is disposed in at least one of a region 
between the land and the terminal and a region extending 
over the land and the terminal along the peripheries of 
the land and the terminal. The Inkjet head further 
comprises a protrusion disposed on the connecting portion. 
[0010] 

According to the inventionr because the connecting 
portion between the land and the terminal is in a region 
not opposed to the pressure chamber, hindrance of 
deformation of the piezoelectric element can be 
suppressed. Further, because the protrusion is formed on 
the surface electrode in a region not opposed to the 
pressure chamber/ movement of the metallic bond, which 
has been melted to have high fluidity^ to a region of the 
surface electrode opposed to the pressure chamber, i.e., 
the main electrode portion , can be suppressed- 
Therefore, the problem such as hindrance of deformation 
of the piezoelectric element due to the rigidity of the 
metallic bond such as solder, can be relieved. Also, 
because adhesion of the metallic bond such as solder to 
the surface electrode is suppressed, the problems such as 
rise of the resistance and braking can be relieved. 



[0011] 

According to another aspect of the present 
invention, an inkjet head comprises an ink passage unit 
including pressure chanibers and a plurality of wall 
portions defining each of the plurality of pressure 
chambers; and an actuator unit including a piezoelectric 
element disposed on the ink passage unit^ a surface 
electrode disposed on the piezoelectric element and 
having a main electrode portion opposed to a pressure 
chamber and a connecting portion opposed to a wall 
portion, and a land disposed on the piezoelectric element 
in a region opposed to the wall portion. The land is 
electrically connected to the surface electrode. The 
Inkjet head further comprises a printed circuit board on 
which a terminal electrically connected to the land and a 
predetermined wiring pattern are provided; and a metallic 
bond for electrically connecting the land to the terminal* 
The metallic bond is disposed in at least one of a region 
between the land and the terminal and a region extending 
over the land and the terminal along the peripheries of 
the land and the terminal. The inkjet head further 
comprises a thermosetting resin covering at least part of 
the metallic bond. 
[0012] 



According to the invention, because the connecting 
portion between the land and the terminal is in a region 
not opposed to the pressure chaxober, hindrance of 
deformation of the piezoelectric element can be 
suppressed. Further^ because the metallic bond is 
covered with the thermosetting resin that has fluidity 
lower than that of a metallic material even by being 
heated, movement of the metallic bond can. be suppressed. 
Therefore, by adequately determining the part of the 
metallic bond with the thermosetting resin, the problems 
such as hindrance of deformation of a piezoelectric 
element, rise of the resistance, and braking can be 
relieved, and/or a short circuit between terminals can be 
suppressed. For example, by disposing the thermosetting 
resin in the connecting portion between the land and the 
main electrode portion of the surface electrode, 
movement of the metallic bond to the region of the 
surface electrode opposed to the pressure chamber, i.e., 
the main electrode portion , can be suppressed, same as 
the above aspect. This results in relieving the problems 
such as hindrance of deformation of a piezoelectric 
element, rise of the resistance, and braking- On the 
other hand* by disposing the thermosetting resin between 
neighboring connecting portions between lands and 
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terminals, a short circuit between the terminals can be 
suppressed. 

[0013] 

According to still another aspect of the present 
invention/ an inkjet head comprises an ink passage unit 
including pressure chambers and a plurality of wall 
portions defining each of the plurality of pressure 
chambers; and an actuator unit including a piezoelectric 
element disposed on the ink passage unit, a surface 
electrode disposed on the piezoelectric element and 
having a main electrode portion opposed to a pressure 
chamber and a connecting portion opposed to a wall 
portion^ and a land disposed on the piezoelectric element 
in a region opposed to the wall portion. The land is 
electrically connected to the surface electrode. The 
inkjet head further comprises a printed circuit board on 
which a terminal electrically connected to the land and a 
predetermined wiring pattern are provided; and a 
thermosetting resin for electrically connecting the land 
to the terminal. The thermosetting resin is disposed in 
a region opposed to the wall portion. 

[0014] 

According to the invention, because the connecting 
portion between the land and the terminal is in a region 



not opposed to the pressure chamber^ hindrance of 
deformation of the piezoelectric element can be 
suppressed. Further/ because not a metallic material but 
the thermosetting resin is used for electrically 
connecting the land to the terminal, the problems such as 
hindrance of deformation of a piezoelectric element, rise 
of the resistance^ braking, and short circuit between 
terminals, which may happen in case of using a metallic 
material, can be relieved. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Other and further objects, features and advantages 

of the invention will appear more fully from the 

following description taken in connection with the 

accompanying drawings in which: 

FIG* 1 is a perspective view of an Inkjet head 

according to a first embodiment of the present invention; 
FIG, 2 is a sectional view taken along line II-II 

in FIG. 1; 

FIG. 3 is a plan view of a head main body included 
in the Inkjet head of FIG. 1; 

FIG, 4 is an enlarged view of a region enclosed 
with an alternate long and short dash line in FIG. 3; 

FIG. 5 is an enlarged view of a region enclosed 
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with an alternate long and short dash line in FIG* 4; 

FIG* 6 is a partial sectional view of the head main 
body of FIG. 3 taken along line VI-VI in FIG. 5; 

FIG- 7 is an enlarged view of a region enclosed 
with an alternate long and two short dashes line in FIG, 
4; 

FIG. 8 is a partial exploded perspective view of 
the head main body of FIG, 6 and a flexible printed 
circuit board bonded to the head main body; 

FIG. 9A is a plan view illustrating the shape of a 
space forming an ink passage of FIG. 6; 

FIG. 9B is a perspective view illustrating the 
shape of the space forming the ink passage of FIG. 6; 

FIG. lOA is a lateral enlarged sectional view of a 
region enclosed with an alternate long and short dash 
line in FIG. 6; 

FIG. 1 OB is a plan view illustrating shapes of an 
individual electrode/ i.e., a surface electrode/ formed 
on a surface of an actuator unit, and a land; 

FIG. IIA is a partial sectional view illustrating a 
state before a work for disposing an epoxy resin on a 
surface of solder covering a terminal, in a process for 
connecting the terminal to a land, in a manufacturing 
method of an Inkjet head according to the first 



embodiment of the present invention; 

FIG. IIB is a partial sectional view, successive to 
FIG, HA/ illustrating a state wherein the terminal on 
which the solder and the epoxy resin are disposed, and 
the land are opposed to each other; 

FIG. lie is a partial sectional view, successive to 
FIG, IIB/ illustrating a state wherein the terminal and 
the land are connected to each other; 

FIG. IID is a plan view, corresponding to FIG, lOB, 
illustrating an occupation area of the epoxy resin in the 
state of FXG- IIC; 

FIG. 12 is a partial sectional view, corresponding 
to FIG. IIB/ illustrating a modification of the 
manufacturing method of the Inkjet head according to the 
first embodiment of the present invention; 

FIG. 13A is a partial sectional view, corresponding 
to FIG. IIB, illustrating a modification of the Inkjet 
head according to the first embodiment of the present 
invention; 

FIG. 13B is a partial sectional view, corresponding 
to FIG, lie, successive to FIG. 13A, illustrating a state 
wherein the terminal and the land are connected to each 
other; 

FIG, 13C is a plan view, corresponding to FIG. lOB, 
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illustrating an occupation area of the epoxy resin in the 
state of FIG. 13B; 

FIG, 14A is a partial sectional view, corresponding 
to FIG. liB, illustrating another modification of the 
Inkjet head according to the first eiobodiment of the 
present invention; 

FIG. 14B is a partial sectional view, corresponding 
to FIG. lie, successive to FIG. 14A, illustrating a state 
wherein the terminal and the land are connected to each 
other; 

FIG. 14C is a plan view, corresponding to FIG. lOB, 
illustrating an occupation area of the epoxy resin in the 
state of FIG. 14B; 

FIG. ISA is a partial sectional view corresponding 
to FIG- IIB, in a manufacturing method of an Inkjet head 
according to a second embodiment of the present 
invention; and 

FIG. 15B is a partial sectional view, corresponding 
to FIG. lie, successive to FIG, ISA, illustrating a state 
wherein the terminal and the land are connected to each 
other. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0015] 
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First, a general construction of an inkjet head 
according to a first embodiment of the present invention 
will be described with reference to FIG. 1. FIG, 1 is a 
perspective view of an inkjet head according to this 
embodiment • FIG. 2 is a sectional view taken along line 
II-II in FIG. 1. FIG. 3 is a plan view of a head main 
body included in the inkjet head of FIG. 1. The inkjet 
head 1 includes a head main body la having a rectangular 
shape in plane and extending in one direction, i,e*/ main 
scanning direction/ and a base portion 71 for supporting 
the head main body la. The base portion 71 supporting 
the head main body la further supports thereon driver ICs 
80 for supplying driving signals to individual electrodes 
35/ l.e*/ surface electrodes, as illustrated in FIGS. lOA 
and lOB, and substrates 81. 

[0016] 

Referring to FIG, 1/ the base portion 71 is made up 
of a base block 75 partially bonded to the upper face of 
the head main body la to support the head main body la, 
and a holder 72 bonded to the upper face of the base 
block 75 to support the base block 75. The base block 75 
is a nearly rectangular parallelepiped member having 
substantially the same length as the head main body la. 
The base block 75 made of a metallic material such as 
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stainless steel has a function as a light structure for 
reinforcing the holder 72. The holder 72 is made up of a 
holder main body 73 disposed near the head main body la^ 
and a pair of holder support portions 74 each extending 
on the opposite side of the holder main body 73 to the 
head main body la- Each holder support portion 74 is as 
a flat member. The holder support portions 74 extend 
along the length of the holder main body 73 and are 
disposed parallel to each other at a predetermined 
interval • 

[0017] 

A pair of skirt portions 73a, each protruding 
downward, are provided in both end portions of the holder 
main body 73 in a sub scanning direction perpendicular to 
the main scanning direction. Either skirt portion 73a is 
formed through the length of the holder main body 73. As 
a result, in the lower portion of the holder main body 73, 
a nearly rectangular parallelepiped groove 73b is defined 
by the pair of skirt portions 73a, The base block 75 is 
received in the groove 73b. The upper face of the base 
block 75 is bonded to the bottom of the groove 73b of the 
holder main body 73 with an adhesive or the like. The 
thickness of the base block 75 is somewhat larger than 
the depth of the groove 73b of the holder main body 73. 
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As a results the lower end of the base block 75 protrudes 
downward beyond the skirt portions 73a. 
[0018] 

Within the base block 75, as passages for ink to be 
supplied to the head main body la^ two ink reservoirs 3 
are formed as two nearly rectangular parallelepiped 
spaces, as hollow regions, extending along the length of 
the base block 75. These two ink reservoirs 3 are 
separated by a partition 75a extending along the length 
of the base block 75. As a result, the ink reservoirs 3 
extend parallel to each other along the length of the 
base block 75 at a predetermined interval. In FIG. 2, an 
opening 3b (see FIG. 3) connecting to an ink reservoir 3 
is formed in the left portion of the lower face 7 5b of 
the base block 75 at a position corresponding to the ink 
reservoir 3. Each ink reservoir 3 is connected through a 
non-illustrated supply tube to a non-illustrated ink tank 
within the printer main body. Thus, the ink reservoir 3 
is suitably supplied with ink from the ink tank. 

[0019] 

In the lower face 75b of the base block 75, the 
vicinity of each opening 3b protrudes downward from the 
surrounding portion. The head main body la supported 
under the base block 75 includes therein an actuator unit 
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21 and an ink passage unit 4 bonded to the lower face of 
the actuator unit 21. The base block 75 is joined with 
the ink passage unit 4 (see FIG. 2) of the head main body 
la only in the vicinity 75c of each opening 3b of the 
lower face 75b of the base block 75. Thus, the region of 
the lower face 75b of the base block 75 other than the 
vicinity 75c of each opening 3b is distant from the head 
main body la. The actuator unit 21 is disposed within 
the distance. 
[0020] 

A driver IC 80 is fixed to the outer side face of 
each holder support portion 74 of the holder 72, with an 
elastic member 83 such as a sponge being interposed 
between them. A heat sink 82 is disposed in close 
contact with the outer side face of the driver IC 80. 
The heat sink 82 is made of a nearly rectangular 
parallelepiped member for efficiently radiating heat 
generated in the driver IC 80. A flexible printed 
circuit (FPC) 50 as a power supply member, as will be 
described later in. detail, is connected to the driver IC 
80. The substrate 81 is disposed outside the FPC 50 
above the driver IC 80 and the heat sink 82. The upper 
face of the heat sink 82 is bonded to the substrate 81 
with a seal member 84. Also, the lower face of the heat 
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sink 82 Is bonded to the FPC 50 with a seal member 84. 
In order that a driving signal output from the driver IC 
80 can be transmitted to any individual electrode 35 (see 
FIGS. IDA and lOB) formed on a surface of the actuator 
unit 21 as will be described later in detail, the FPC 50 
is electrically connected to both of the driver IC 80 and 
the individual electrodes 35. 
[0021] 

Between the lower face of each skirt portion 73a of 
the holder main body 73 and the upper face of the ink 
passage unit 4/ a seal member 85 is disposed to sandwich 
the FPC 50. Thusr the FPC 50 is fixed with the seal 
member 85 to the ink passage unit 4 and the holder main 
body 73. Therefore, even if the head main body la is 
elongated, the head main body la can be prevented from 
being bent, the interconnecting portion between the FPC 
50 and each individual electrode 35 (see FIGS. lOA and 
lOB) formed on the surface of the actuator unit 21 can be 
prevented from receiving stress, and the FPC 50 can 
surely be held. 

[0022] 

Referring to FIG. 1, in the vicinity of each lower 
corner of the Inkjet head 1 along the main scanning 
direction, six protruding portions 30a are disposed at 
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regular intervals along the corresponding side wall of 
the Inkjet head 1. These protruding portions 30a are 
provided at both ends in the sub scanning direction of a 
nozzle plate 30 (see FIG, €} in the lowermost layer of 
the head main body la. The nozzle plate 30 is bent by 
about 90 degrees along the boundary line between each 
protruding portion 30a and rhe other portion. The 
protruding portions 30a are provided at positions 
corresponding to the vicinities of both ends of various 
sizes of papers to be used for printing. Each bent 
portion of the nozzle plate 30 has a shape not right- 
angled but rounded. This makes it hard to bring about 
clogging of a paper, i.e., jamming, which may occur 
because the leading edge of the paper, which has been 
transferred to approach the head 1, is stopped by the 
side face of the head 1* 
[0023] 

In FIG. 3, an ink reservoir 3 formed in the base 
block 75 is imaginarily illustrated with a broken line. 
As illustrated in FIG. 3/ the head main body la has a 
rectangular shape in plane extending in one direction, 
i.e./ main scanning direction. The head main body la 
includes therein an ink passage unit 4 in which a large 
number of pressure chambers 10 and a large number of ink 
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ejection ports 8 at the front ends of nozzles (as for 
both, see FIGS. 5 an 6) , as will be described later. 
Trapezoidal actuator units 21 arranged in two rows in a 
zigzag manner are bonded to the upper face of the ink 
passage unit 4. Each actuator unit 21 is disposed such 
that its parallel opposed sides, i,e-, its upper and 
lower sides, extend along the length of the ink passage 
unit 4. The oblique sides of each neighboring actuator 
units 21 overlap each other in the width of the ink 
passage unit 4. 
[0024] 

Each region in the lower face of the ink passage 
unit 4 corresponding to the region where an actuator unit 
4 is bonded is an ink ejection region. In the surface of 
each ink ejection region; a large number of ink ejection 
ports 8 are arranged in a matrix, as will be described 
later. Within the base block 75 disposed above the ink 
passage unit 4, the ink reservoirs 3 are formed along the 
length of the base block 75. Each ink reservoir 3 is 
connected to a non-illustrated ink tank through the 
opening 3a provided at one end of the ink reservoir 3, so 
that the ink reservoir 3 is always filled up with ink. 
In each ink reservoir 3, pairs of openings 3b are 
provided in regions where no actuator unit 21 is present, 
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so as to be arranged in a zigzag manner along the length 
of the ink reservoir 3. 
[0025] 

FIG, 4 is an enlarged view of a region enclosed 
with an alternate long and short dash line in FIG. 3. As 
illustrated in FIGS. 3 and 4, each ink reservoir 3 is 
connected through an opening 3b to a manifold channel 5 
within the ink passage unit 4 disposed under the opening 
3b. Each opening 3b is provided with a non-illustrated 
filter for catching dust and dirt contained in ink. The 
front end portion of each manifold channel 5 branches 
into two sub manifold channels 5a. In the lower portion 
of one actuator unit 21, two sub manifold channels 5a 
extend from each of the two openings 3b on both sides of 
the actuator unit 21 in the length of the Inkjet head 1. 
That is, in the lower portion of one actuator unit 21, 
four sub manifold channels 5a in total extend along the 
length of the ink jet head 1* Each sub manifold channel 
5a is filled up with ink supplied from the corresponding 
ink reservoir 3. 

(0026] 

FIG. 5 is an enlarged view of a region enclosed 
with an alternate long and short dash line in FIG. 4. 
Either of FIGS. 4 and 5 is a vertical view of a plane in 
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which many pressure chambers 10 are arranged in a matrix 
in the ink passage unit 4, Pressure chambers 10, 
apertures 12, nozzles (ink ejection ports 8 formed at the 
respective tips of the nozzles are only illustrated in 
FIGS. 4 and 5), sub manifold channels 5a, etc., as 
components of the ink passage unit 4, are disposed at 
different levels from one another perpendicularly to FIGS. 
4 and 5 (see FIG. 6) , 
[0027] 

In FIGS. 4 and 5, to make it easy to understand the 
figures, the pressure chambers 10, the apertures 12/ etc., 
are illustrated with solid lines though they should be 
illustrated with broken lines because they are within the 
actuator unit 21 or ink passage unit 4. 

[0028] 

As illustrated in FIGS. 4 and 5, many ground 
electrodes 38 as peripheral electrodes each having a 
circular shape are provided near the outer edges of the 
upper face of each actuator unit 21, The ground 
electrodes 38 are arranged substantially at regular 
intervals. Thus, the region of the surface of the 
actuator unit 21 where individual electrodes 35 (see FIGS. 
lOA and lOB} are formed is entirely surrounded by the 
ground electrodes 36. 
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[0029] 

FIG, 6 is a partial sectional view of the head main 
body la of FIG. 3 taken along line VI-VI in FIG. 5. As 
apparent from FIG. 6, each ink ejection pert 8 is formed 
at the tip end of a tapered nozzle. Between a pressure 
chamber 10 and a sub manifold channel 5a, an aperture 12 
extends substantially parallel to the surface of the ink 
passage unit 4, like the pressure chamber 10, The 
aperture 12 is for restricting the ink flow to give the 
passage a suitable resistance, thereby intending the 
stabilization of ink ejection. Each ink ejection port 8 
is connected to a sub manifold channel 5a through a 
pressure chamber 10 (length: 900 micrometer, width: 350 
micrometer) and an aperture 12. Thus, within the inkjet 
head 1 formed are ink passages 32 each extending from a 
non-illustrated ink tank to an ink ejection port 8 
through an ink reservoir 3/ a manifold channel 5, a sub 
manifold channel ba., an aperture 12/ and a pressure 
chamber 10. 

[0030] 

As apparent from FIG. 6, any aperture 12 is 
provided at a level different from that of the 
corresponding pressure chamber 10. Therefore, within a 
region of the ink passage unit 4 corresponding to the in 
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ejection region under each actuator unit 21, the aperture 
12 and sub manifold channel 5a connected to one pressure 
chamber 10 can be disposed to overlap in plane a pressure 
chan±)er 10 neighboring the above one pressure chamber 10. 
As a result, because pressure chambers 10 can be densely 
arranged close to each other, image printing at a high 
resolution can be realized with an Inkjet head 1 having a 
relatively small occupation area. 
[0031] 

In the plane of FIGS, 4 and 5, pressure chambers 10 
are arranged within an ink ejection region in two 
directions/ i\e./ a direction along the length of the 
Inkjet head 1 (first arrangement direction} and a 
direction somewhat oblique to the width of the ink jet 
head 1 (second arrangement direction) . The first and 
second arrangement directions form an angle theta 
somewhat smaller than the right angle. The ink ejection 
ports 8 are arranged at 50 dpi in the first arrangement 
direction. On the other hand, the pressure chambers 10 
are arranged in the second arrangement direction such 
that the ink ejection region corresponding to one 
actuator unit 21 includes twelve pressure chambers 10. 
The shift to the first arrangement direction due to the 
arrangement in which twelve pressure chambers 10 are 
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arranged in the second arrangement direction, corresponds 
to one pressure chamber 10. Therefore, within the whole 
width of the inkjet head 1, in a region of the interval 
between two ink ejection ports 8 neighboring each other 
in the first arrangement direction, there are twelve ink 
ejection ports 8. At both ends of each ink ejection 
region in the first arrangement direction, corresponding 
to an oblique side of the actuator unit 21, the above 
condition is satisfied by making a compensation relation 
to the ink ejection region corresponding to the opposite 
actuator unit 21 in the width of the Inkjet head 1. 
Therefore, in the Inkjet head 1 according to this 
embodiment, by ejecting ink droplets in order through a 
large number of ink ejection ports 8 arranged in the 
first and second arrangement directions with relative 
movement of a print paper along the width of the Inkjet 
head 1, printing at 600 dpi in the main scanning 
direction can be performed. 
[0032] 

Next,, the construction of the ink passage unit 4 
will be described in more detail with reference to FIG. 7. 
Referring to FIG. 8, pressure chambers 10 are arranged in 
rows in the first arrangement direction at predetermined 
intervals at 500 dpi. Twelve rows of pressure chambers 
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10 are arranged in the second arrangement direction* As 
the whole, the pressure chambers 10 are two-dimensionally 
arranged in the ink ejection region corresponding to one 
actuator unit 21. 
[0033] 

The pressure chambers 10 are classified into two 
kinds, i.e., pressure chambers 10a in each of which a 
nozzle is connected to the upper acute portion in FIG. 1, 
and pressure chambers 10b in each of which a nozzle is 
connected to the lower acute portion. Pressure chaiabers 
10a and 10b are arranged in the first arrangement 
direction to form pressure chamber rows 11a and lib, 
respectively. As illustrated in FIG. 1, in the ink 
ejection region corresponding to one actuator unit 21, 
from the lower side of FIG. 1, there are disposed two 
pressure chamber rows 11a and two pressure chamber rows 
lib neighboring the upper side of the pressure chamber 
rows 11a. The four pressure chamber rows of the two 
pressure chamber rows 11a and the two pressure chamber 
rows lib constitute a set of pressure chamber rows. Such 
a set of pressure chamber rows is repeatedly arranged 
three times from the lower side in the ink ejection 
region corresponding to one actuator unit 21. A straight 
line extending through the upper acute portion of each 
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pressure chamber in each of pressure chamber rows 11a and 
lib crosses the lower oblique side of each pressure 
chamber in the pressure chamber row neighboring the upper 
side of that pressure chamber row, 

[0034] 

As described above, when viewing perpendicularly to 
FIG, 7, two first pressure chamber rows 11a and two 
second pressure chamber rows lib, in which nozzles 
connected to pressure chambers 10 are disposed at 
different positions, are arranged alternately to neighbor 
each other. Consequently, as the whole, the pressure 
chambers 10 are arranged regularly. On the other hand, 
nozzles are arranged in a concentrated manner in a 
central region of each set of pressure chamber rows 
constituted by the above four pressure chamber rows. 
Therefore, in case that each four pressure chamber rows 
constitute a set of pressure chamber rows and such a set 
of pressure chamber rows is repeatedly arranged three 
times from the lower side as described above^ there is 
formed a region where no nozzles exist, in the vicinity 
of the boundary between each neighboring sets of pressure 
chamber rows, i.e., on both sides of each set of pressure 
chamber rows constituted by four pressure chamber rows. 
Wide sub manifold channels 5a extend there for supplying 
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ink to the corresponding pressure chaznbers 10. In this 
embodiment/ in the ink ejection region corresponding to 
one actuator unit 21, four wide sub manifold channels 5a 
in total are arranged in the first arrangement direction, 
i.e./ one on the lower side of FIG. 7, one between the 
lowermost set of pressure chainber rows and the second 
lowermost set of pressure chamber rows, and two on both 
sides of the uppermost set of pressure chamber rows* 
[0035] 

As Illustrated in FIG. 1, nozzles connected to ink 
ejection ports 8 for ejecting ink are arranged in the 
first arrangement direction at regular intervals at 50 
dpi to correspond to the respective pressure chambers 10 
regularly arranged in the first arrangement direction. 
On the other hand, while twelve pressure chambers 10 are 
regularly arranged also in the second arrangement 
direction forming an angle theta with the first 
arrangement direction, twelve nozzles corresponding to 
the twelve pressure chambers 10 include ones each 
connected to the upper acute portion of the corresponding 
pressure chamber 10 and ones each connected to the lower 
acute portion of the corresponding pressure chamber 10, 
as a result, they are not regularly arranged in the 
second arrangement direction at regular intervals. 
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10036] 

If all nozzles are connected to the sairte-side acute 
portions of the respective pressure chambers 10, the 
nozzles are regularly arranged also In the second 
arrangement direction at regular intervals. In this case, 
nozzles are arranged so as to shift in the first 
arraageiaent direction by a distance corresponding to 600 
dpi as resolution upon printing per pressure chamber row 
from the lower side to the upper side of FIG. 7, 
Contrastingly in this embodiment, because four pressure 
chamber rows of two pressure chamber rows 11a and two 
pressure chamber rows lib constitute a set of pressure 
chamber rows and such a set of pressure chamber rows is 
repeatedly arranged three times from the lower side, the 
shift of nozzle position in the first arrangement 
direction per pressure chamber row from the lower side to 
the upper side of FIG, 7 is not always the same. 

[0037] 

In the Inkjet head 1 of this embodiment, a band 
region R will be discussed that has a width of about 
508.0 micrometer corresponding to 50 dpi in the first 
arrangement direction and extends perpendicularly to the 
first arrangement direction. In the band region R, any 
of twelve pressure chamber rows includes only one nozzle - 
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That is, when such a band region R is defined at an 
arbitrary position in the ink ejection region 
corresponding to one actuator unit 21, twelve nozzles are 
always distributed in the band region R, The positions 
of points respectively obtained by projecting the twelve 
nozzles onto a straight line extending in the first 
arrangement direction are distant from each other by a 
distance corresponding to 600 dpi as resolution upon 
printing. 

[0038] 

When the twelve nozzles included in one band region 
R are denoted by (1) to (12) in order from one whose 
projected image onto a straight line extending in the 
first arrangement direction is the leftmost, the twelve 
nozzles are arranged in the order of (1)/ (7), (2), (8), 
(S), (11), (6), (12), (9), (3), (10), and (4) from the 
lower side. 

[0039] 

In the thus-constructed Inkjet head 1 of this 
embodiment, by properly driving active portions in the 
actuator unit 21, a character, an figure, or the like, 
having a resolution of 600 dpi can be formed- That is, 
by selectively driving active portions corresponding to 
the twelve pressure chamber rows in order in accordance 
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with the transfer of a print medium, a specific character 
or figure can be printed on the print medium. 
[0040] 

By way of example, a case will be described wherein 
a straight line extending in the first arrangement 
direction is printed at a resolution of 600 dpi. First, 
a case will be briefly described wherein nozzles are 
connected to the same-side acute portions of pressure 
chambers 10 ♦ in this case, in accordance with transfer 
of a print medium, ink ejection starts from a nozzle in 
the lowermost pressure chamber row in FIG. 7. Ink 
ejection is then shifted upward with selecting a nozzle 
belonging to the upper neighboring pressure chamber row 
in order. Ink dots are thereby formed in order in the 
first arrangement direction with neighboring each other 
at 600 dpi. Finally, all the ink dots form a straight 
line extending in the first arrangement direction at a 
resolution of 600 dpi. 

[0041] 

On the other hand, in this embodiment/ ink ejection 
starts from a nozzle in the lowermost pressure chamber 
row lla in FIG* 7, and ink ejection is then shifted 
upward with selecting a nozzle connected to the upper 
neighboring pressure chamber row in order in accordance 
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with transfer of a print medium. In this embodiment/ 
however, because the positional shift of nozzles in the 
first arrangement direction per pressure chamber row from 
the lower side to the upper side is not always the same, 
ink dots formed in order in the first arrangement 
direction in accordance with the transfer of the print 
medium are not arranged at regular intervals at 600 dpi. 
[0042] 

More specifically, as shown in FIG. 7, in 
accordance with the transfer of the print medium, ink is 
first ejected through a nozzle (1) connected to the 
lowermost pressure chamber row 11a in FIG. 7 to form a 
dot row on the print medium at intervals of about 508.0 
micrometer corresponding to 50 dpi. After this, as the 
print medi\im is transferred and the straight line 
formation position has reached the position of a nozzle 
(7} connected to the second lowermost pressure chamber 
row 11a/ ink is ejected through the nozzle (7) . The 
second ink dot is thereby formed at a position shifted 
from the first formed dot position in the first 
arrangement direction by a distance of six times the 
interval of about 42.3 micrometer corresponding to 600 
dpi (about 42.3 micrometer multiplied by six makes about 
254.0 micrometer). 
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[0043] 

Next, as the print medium is further transferred 
and the straight line formation position has reached the 
position of a nozzle (2) connected to the third lowermost 
pressure chamber row lib, ink is ejected through the 
nozzle (2) . The third ink dot is thereby formed at a 
position shifted from the first formed dot position in 
the first arrangement direction by a distance of the 
interval of about 42,3 micrometer corresponding to 600 
dpi. As the print medium is further transferred and the 
straight line formation position has reached the position 
of a nozzle (8) connected to the fourth lowermost 
pressure chamber row lib, ink is ejected through the 
nozzle (8) . The fourth ink dot is thereby formed at a 
position shifted from the first formed dot position in 
the first arrangement direction by a distance of seven 
times the interval of about 42,3 micrometer corresponding 
to 600 dpi (about 42. 3 micrometer multiplied by seven 
makes about 296.3 micrometer). As the print medium is 
further transferred and the straight line formation 
position has reached the position of a nozzle (5) 
connected to the fifth lowermost pressure chamber row 11a, 
ink is ejected through the nozzle (5) • The fifth ink dot 
is thereby formed at a position shifted from the first 
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formed dot position in the first arrangement direction by 
a distance of four times the interval of about 42.3 
micrometer corresponding to 600 dpi (about 42. 3 
micrometer multiplied by four makes about 169,3 
micrometer) . 
[0044] 

Afterward, in the same manner, ink dots are formed 
with selecting nozzles connected to pressure chambers 10 
in order from the lower side to the upper side in FIG. 7. 
In this case, when the number of a nozzle in FIG. 7 is N, 
an ink dot is formed at a position shifted from the first 
formed dot position in the first arrangement direction by 
a distance corresponding to (magnification n ■» N - 1) 
multiplied by (interval corresponding to 600 dpi) . When 
the twelve nozzles have been finally selected, the gap 
between the ink dots to be formed by the nozzles (1) in 
the lowermost pressure chamber rows 11a in FIG. 7 at an 
interval of about 508,0 micrometer corresponding to 50 
dpi is filled up with eleven dots formed at intervals of 
about 42,3 micrometer corresponding to 600 dpi. 
Therefore, as the whole, a straight line extending in the 
first arrangement direction can be drawn at a resolution 
of 600 dpi. 

[0045] 
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FIG. 8 is a partial exploded view of the head main 
body la of FIG. 6 and the FPC 50 bonded to the head main 
body la. As illustrated in FIG. 8, a principal portion 
on the bottom side of the ink jet head 1 has a layered 
structure laminated with eleven sheets in total, i,e., 
from the top, an FPC 50, an actuator unit 21, a cavity 
plate 22, a base plate 23, an aperture plate 24, a supply 
plate 25, manifold plates 26, 27, and 28, a cover plate 
29, and a nozzle plate 30. Of them, nine plates 22 to 30 
other than the FPC 50 and the actuator unit 21 constitute 
an ink passage unit 4. 

[0046] 

As will be described later in detail, the actuator 
unit 21 is laminated with four piezoelectric sheets and 
provided with electrodes so that one layer of the 
piezoelectric sheets includes portions to be active 
portions when an electric field is applied, and the 
remaining three layers are inactive layers. The cavity 
plate 22 is made of metal, in which a large number of 
substantially rhombic openings are formed corresponding 
to the respective pressure chambers 10- Portions except 
the openings of the cavity plate 22 constitutes wall 
portions 22a defining each of the pressure chambers 10. 
The base plate 23 is made of metal, in which a connecting 
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hole between each pressure chamber 10 of the cavity plate 
22 and the corresponding aperture 12, and a connecting 
hole between the pressure chamber 10 and the 
corresponding ink ejection port 8 are foriaed. The 
aperture plate 24 is made of metal, in which, in addition 
to apertures 12, connecting holes are formed for 
connecting each pressure chamber 10 of the cavity plate 
22 to the corresponding ink ejection port 8. The supply 
plate 25 is made of metal, in which connecting holes 
between each aperture 12 and the corresponding sub 
manifold channel 5a and connecting holes for connecting 
each pressure chamber 10 of the cavity plate 22 to the 
corresponding ink ejection port 8 are formed. Each of 
the manifold plates 26, 27, and 28 is made of metal, 
which defines an upper portion of each s\ib manifold 
channel 5a and in which connecting holes are formed for 
connecting each pressure chamber 10 of the cavity plate 
22 to the corresponding ink ejection port 8, The cover 
plate 29 is made of metal, in which connecting holes are 
formed for connecting each pressure chamber 10 of the 
cavity plate 22 to the corresponding ink ejection port 8. 
The nozzle plate 30 is made of metal, in which tapered 
ink ejection ports 8 each functioning as a nozzle are 
formed for the respective pressure chambers 10 of the 

-36- 



cavity plate 22. 
[0047] 

The ink passage 32 of FIG. 6 first extends upward 
from the sub manifold channel 5a, then extends 
horizontally in the aperture 12, then further extends 
upward, then again extends horizontally in the pressure 
chamber 10, then extends obliquely downward in a certain 
length to get apart from the aperture 12, and then 
extends vertically downward toward the ink ejection port 
8. 

[0048] 

FIGS. 9A and 9B are plan and perspective views 
illustrating the shape of the space forming the ink 
passage of FIG. 6, respectively. FIGS, 9A and 9B 
illustrates therein a filter 13 provided at the interface 
between an aperture 12 and a sub manifold channel 5a, 
The filter 13 is for removing dust contained in ink. 

[0049] 

Next, the construction of an actuator unit 21 will 
be described with reference to FIGS. lOA and lOB. FIG. 
lOA is a lateral enlarged sectional view of a region 
enclosed with an alternate long and short dash line in 
FIG. 6* FIG. lOB is a plan view illustrating shapes of 
an individual electrode formed on a surface of an 
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actuator unit 21, and a land, 

[0050] 

As illustrated in FIG. lOA, an actuator unit 21 
includes therein four piezoelectric sheets 41, 42, 43, 
and 44' having the same thickness of about 15 micrometer « 
The piezoelectric sheets 41 to 44 constitute a 
piezoelectric element and are made into a continuous 
layered flat plate (continuous flat layers] that is 
disposed so as to extend over many pressure chambers 10 
formed within one ink ejection region in the Inkjet head 
1. Thereby, the mechanical rigidity of the piezoelectric 
sheets 41 to 44 can be kept high. Because the 
piezoelectric sheets 41 to 44 are disposed so as to 
extend over many pressure chambers 10 as the continuous 
flat layers, individual electrodes 35 can be arranged at 
a high density by using, e.g., a screen printing 
technique. Therefore, also pressure chambers 10 (see 
FIGS. lOA and lOB} formed at positions corresponding to 
main electrode portion s 35a of the individual electrodes 
35 as will be described later can be arranged at a high 
density. This makes it possible to print a high- 
resolution image. 

[0051] 

In this embodiment, each of the piezoelectric 

-38- 



sheets 41 to 44 is made of a lead zirconate titanate 
(PZT)-base ceramic material having f erroelectricity • 
[0052] 

As illustrated in FIG, lOA,. about 1 micrometer- 
thick individual electrodes 35^ each having a shape in 
plane as illustrated in FIG. lOB, are formed on the upper 
face of the uppermost piezoelectric sheet 41 at positions 
corresponding to the respective pressure chambers 10, An 
about 2 micrometer-thick common electrode 34 is 
interposed between the piezoelectric sheet 41 and the 
piezoelectric sheet 42 neighboring downward the 
piezoelectric sheet 41* The common electrode 34 is made 
of a single conductive sheet extending substantially in 
the whole region of one actuator unit 21. Each of the 
electrodes 34 and 35 is. made of a metallic material of^ 
e.g./ an Ag-Pd-base alloy. 

[0053] 

No electrode is provided between the piezoelectric 
sheet 42 and the piezoelectric sheet 43 neighboring 
downward the piezoelectric sheet 42, between the 
piezoelectric sheet 43 and the piezoelectric sheet 44 
neighboring downward the piezoelectric sheet 43, and on 
the lower face of the piezoelectric sheet 44. 

[0054] 
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In a modification, many common electrodes 34 each 
having a shape larger than that of a pressure chamber 10 
so that the projection image of each common electrode 
projected along the thickness of the common electrode 
includes the pressure chamber, may be provided for each 
pressure chamber 10. In another modification, many 
common electrodes 34 each having a shape somewhat smaller 
than that of a pressure chamber 10 so that the projection 
image of each common electrode projected along the 
thickness of the common electrode is included in the 
pressure chamber, may be provided for each pressure 
chamber 10. Thus, the common electrode 34 may not always 
be a single conductive sheet formed on the whole of the 
face of a piezoelectric sheet. In the above 
modifications, however, all the common electrodes must be 
electrically connected to one another so that the portion 
corresponding to any pressure chamber 10 is at the same 
potential. 

[0055] 

As illustrated in FIG. lOB, each individual 
electrode 35 has a nearly rhombic shape having a length 
of 850 micrometer and a width of 250 micrometer in plane, 
substantially similar to that of the pressure chamber 10 
as illustrated in FIG. 5. The individual electrode 35 
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includes therein a main electrode portion 35a opposed to 
the pressure chamber 10^ and a connecting portion 35b 
extending from one acute corner of the main electrode 
portion 35a to be opposed to the wall portion 22a and 
not to be opposed to the pressure chamber 10, A circular 
land 3 6 having a diameter of about 160 micrometer is 
provided on the end of the connecting portion 35b 
opposite to the main electrode portion 35a* The land 36 
is made of, e.g., gold containing glass frit. The land 
36 is electrically connected to the individual electrode 
35, 

[0056] 

As illustrated in FIGS • lOA and 5/ when viewing 
along the thickness of the piezoelectric sheets 41 to 44, 
the projection image of the main electrode portion 35a 
of each individual electrode 35 is included in the 
corresponding pressure chamber 10 but the projection 
image of the land 36 is not included in the pressure 
chamber 10. Both of the land 36 and the connecting 
portion 35b of each individual electrode 35 are opposed 
to the wall portion 22a. 

[0057] 

The common electrode 34 as illustrated in FIG. lOA 
is electrically connected to a ground electrode 38 as 
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illustrated in FIG. 5 through a tion-illustrated through- 
hole formed in the piezoelectric sheet 41. Any ground 
electrode 3d is formed on the upper face of the 
piezoelectric sheet 41. The FPC 50 includes therein not 
only conductive patterns 53 as will be described later 
(see FIGS, llA to IIC) but also non-illustrated 
conductive patterns as wires for grounding. When non- 
illustrated ground terminals provided in the latter 
conductive patterns are connected to the respective 
ground electrodes 38, the common electrode 34 connected 
to the ground electrodes 38 is kept at the ground 
potential in the region corresponding to all pressure 
chambers 10. 
[0058] 

Next, drive of the actuator unit 21 of this 
embodiment will be described. The piezoelectric sheets 
41 to 44 of the actuator unit 21 have been polarized in 
their thickness. Therefore, an individual electrode 35 
is set at a potential different from that of the common 
electrode 34 to apply an electric field to the 
piezoelectric sheet 41 in the polarization, the portion 
of the piezoelectric sheet 41 to which the electric field 
has bee applied works as an active portion and the 
portion is ready to expand or contract in thickness, * i . e . , 
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in layers/ and to contract or expand perpendicularly to 
the thickness/ i.e,/ in a plane, by the transversal 
piezoelectric effect. On the other hand/ because the 
remaining three piezoelectric sheets 42 to 44 are 
inactive layers having no regions sandwiched by the 
individual electrode 35 and the common electrode 34, they 
can not be deformed in their selves. That iS/ the 
actuator unit 21 has a so-called unimorph type structure 
in which the upper, i.e./ distant from the pressure 
chamber 10/ one piezoelectric sheet 41 is a layer 
including active portions and the lower/ i.e./ near the 
pressure chamber 10, three piezoelectric sheets 42 to 44 
are inactive layers. 
[0059] 

Therefore/ when the driver IC 80 is controlled so 
that an electric field is produced in the same direction 
as the polarization and an individual electrode 35 is set 
at a positive or negative predetermined potential 
relative to the common electrode 34, the active portion 
in the piezoelectric sheet 41 sandwiched by the 
individual and common electrodes 35 and 34 contracts in a 
plane/ while the piezoelectric sheets 42 to 44 do not 
contract in their selves. At this time, as illustrated 
in FIG. lOA/ the lowermost face of the piezoelectric 
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sheets 41 to 44 is fixed to the upper face of partitions 
partitioning pressure chambers 10 formed in the cavity 
plate 22/ as a result/ the piezoelectric sheets 41 to 44 
are deformed into a convex shape toward the corresponding 
pressure chamber 10 by contracting in a plane by the 
transversal piezoelectric effect/ which is called 
unimorph deformation. Therefore/ the volume of the 
pressure chamb.er 10 is decreased to raise the pressure of 
ink. The ink is thereby ejected through the 
corresponding ink ejection port 8, Afterward/ when the 
individual electrode 35 is returned to the original 
potential/ the piezoelectric sheets 41 to 44 return to 
the original flat shape and the pressure chamber 10 also 
returns to its original volume • Thus, the pressure 
chamber 10 sucks ink therein through the corresponding 
manifold channel 5. 
[0060] 

In another driving method, all the individual 
electrodes 35 are set in advance at a different potential 
from that of the common electrode 34 so that the 
piezoelectric sheets 41 to 44 are deformed into convex 
shapes toward the respective pressure chambers 10. When 
an ejecting request is issued, the corresponding 
individual electrode 35 is once set at the same potential 
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as that of the common electrode 34, Afterwards at a 
predetermined timing/ the individual electrode 35 is 
again set at the different potential from that of the 
common electrode 34. In this case, at the timing whein 
the individual electrode 35 is set at the same potential 
as that of the common electrode 34^ the piezoelectric 
sheets 41 to 44 return to their original shapes • The 
corresponding pressure chamber 10 is thereby increased in 
volume from its initial state, i,e./ the state that the 
potentials of both electrodes differ from each other, to 
suck ink from the corresponding manifold channel 5 into 
the pressure chamber 10. Afterward, at the timing when 
the individual electrode 35 is again set at the different 
potential from that of the common electrode 34, the 
piezoelectric sheets 41 to 44 are deformed into a convex 
shape toward the pressure chamber 10. The volume of the 
pressure chamber 10 is thereby decreased and the pressure 
of ink in the pressure chamber 10 increases to eject ink. 
[0061] 

in case that the polarization occurs in the reverse 
direction to the electric field applied to the 
piezoelectric sheet 41, the active portion in the 
piezoelectric sheet 41 sandwiched by the individual and 
common electrodes 35 and 34 is ready to elongate 
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perpendicularly to the polarization* As a result, the 
piezoelectric sheets 41 to 44 are deformed into a concave 
shape toward the pressure chamber 10 by the transversal 
piezoelectric effect • Therefore, the volume of the 
pressure chamber 10 is increased to suck ink from the 
manifold channel 5. Afterward, when the individual 
electrode 35 return to their original potential, the 
piezoelectric sheets 41 to 44 also return to their 
original flat shape. The pressure chamber 10 thereby 
returns to its original volume to eject ink through the 
ink ejection port 8. 
[0062] 

As illustrated in FIG. IIA, the FPC 50 includes 
therein a base film 51, conductive patterns 53 formed on 
the lower face of the base film 51, and a cover film 52 
covering substantially the whole of the lower face of the 
lie,ae film 51. The base film 51 has a thickness of about 
25 micrometer. Each conductive pattern 53 has a 
thickness of about 9 micrometer. The cover film 52 has a 
thickness of about 2 0 micrometer. Through-holes 52a each 
having an area smaller than that of a conductive pattern 
53 are formed in the cover film 52 so as to correspond to 
the respective conductive patterns 53. The base film 51, 
the conductive patterns 53, and the cover film 52 are put 
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in layers with being positioned to one another bo that 
the center of each through-hole 52a corresponds to the 
center of a conductive pattern 53 and the peripheral edge 
of each conductive pattern 53 is covered with the cover 
film 52. A terminal 54 of the FPC 50 is connected to the 
corresponding conductive pattern 53 through the through- 
hole 52a. 

[0063] 

Either of the base film 51 and the cover film 52 is 
made of an insulating sheet material. In this embodiment, 
the base film 51 is made of a polyimide resin. The cover 
film 52 is made of a photosensitive material « Because 
the cover film 52 is made of such a photosensitive 
material, a large number of through-holes 52a can be 
easily formed. 

[0064] 

Each conductive pattern S3 is made of a copper foil. 
The conductive patterns 53 are wires connected to the 
driver IC 8 0 and made into a predetermined pattern on the 
lower face of the base film 51. 
[0065] 

Each terminal 54 is made of a conductive material 
such as nickel • The terminal 54 plugs the corresponding 
through-hole 52a and covers the lower face of the cover 
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film 52 at the peripheral edge around the through-hole 
52a. The terminal 54 protrudes toward the piezoelectric 
sheet 41. The terminal 54 has a diameter of about 50 
micrometer and a thickness of about 30 micrometer from 
the lower face of the cover film 52. 
[0066] 

The FPC 50 includes therein a large number of 
terminals 54, each of which corresponds to one land 36 
(see FIGS- lOA and lOB) , Therefore, each individual 
electrode 35 electrically connected to the corresponding 
land 36 is electrically connected to the driver IC 80 
through an independent conductive pattern 53 in the FPC 
50. Thus/ the potential of each pressure chamber 10 can 
be controlled independently. 

[0067] 

Nextr an example of method for fabricating a head 
main body la of the Inkjet head 1 will be described. To 
fabricate a head main body la, in general/ an ink passage 
unit 4 and an actuator unit 21 are separately fabricated 
in parallel and then they are bonded to each other. 

[0068] 

To fabricate an ink passage unit 4, each of plates 
22 to 30 to constitute the ink passage unit 4 is etched 
using a patterned photoresist as a mask to form openings 
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and recesses as illustrated in FIGS* 6 and 8 in the 
plates 22 to 30. Afterward, the nine plates 22 to 30 are 
put in layers with an adhesive being interposed so that 
an ink passage 32 as illustrated in FIG, 6 is formed 
therein. The plates 22 to 30 is thus bonded to each 
other to form an ink passage unit 4. 
[0069] 

To fabricate an actuator unit 21, first/ a 
conductive paste to be a cotamon electrode 34 is printed 
into a pattern on a green sheet of a ceramic material to 
be a piezoelectric sheet 42. Afterward, four 
piezoelectric sheets 41 to 44 are put in layers with 
being positioned to each other using a jig. The thus- 
obtained layered structure is baked at a predetermined 
temperature. The baked layered structure having no 
individual electrode 35 is then bonded to the ink passage 
unit 4 with an adhesive such that the piezoelectric sheet 
44 is in contact with the cavity plate 22 • 

(0070] 

Afterward, a conductive paste to be individual 
electrodes 35 is printed into a pattern on a surface of 
the piezoelectric sheet 41. Further, a conductive paste 
to be lands 36 is printed into a pattern on one end of 
the conductive paste to be each individual electrode 35, 
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more specifically, on one end of the connecting portion 
35b of each individual electrode 35 (see FIGS. lOA and 
lOB) . Afterward, through a baking process, the pastes 
are sintered- Thereby, individual electrodes 35 are 
formed on the surface of the piezoelectric sheet 41 and 
further a land 36 is formed on one end of the connecting 
portion 35b of each individual electrode 35, 
[0071] 

Afterward, for supplying electric signals to the 
individual electrodes 35, terminals of an FPC 50 are 
connected to the respective lands 36. Further, through a 
predetermined process, manufacture of an Inkjet head 1 is 
completed . 

[0072] 

Next, a process for connecting a terminal to a land 
in a manufacturing method of an ink jet head according to 
the first embodiment of the present invention will be 
described with reference to FIGS. IIA to IID. FIGS. IIA 
to lie illustrate a process for connecting a terminal to 
a land, in the order of steps. FIG. IID is a plan view, 
corresponding to FIG. lOB, illustrating an occupation 
area of an epoxy resin in the state of FIG, IIC. 

[0073] 

First, as illustrated in FIG, IIA, a solder 60 
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having a thickness of about 7 to 8 micrometer is disposed 
so as to cover the whole of a surface of the terminal 54 • 
Afterward, the FPC 50 including the terminals 54 is 
opposed to an epoxy resin €2 applied to a surface of a 
flat member 64, and then each terminal 54 is pressed onto 
the flat member 64 so that the epoxy resin 62 is 
transferred thereto. Thereby, as illustrated in FIG. IIB, 
the epoxy resin 62 having a diameter of about 0.1 mm 
adheres to the surface of the solder 60. The epoxy resin 
62 in FIG. IIA preferably has a thickness of 10 
micrometer/ and about 60 to 70% the thickness of the 
epoxy resin 62 is transferred to the surface of the 
solder 60 though it depends on wettability. 
[0074] 

Afterward, with positioning each terminal 54 to the 
corresponding land 3 6, the FPC 50 is brought near the 
piezoelectric sheet 41 and then pressed in a direction so 
that the land 36 and the terminal 54 get close to each 
other. In this pressing process, first, the epoxy resin 
62 comes into contact with the surface of the land 36. 
In progress of the pressing process, the epoxy resin 62 
moves perpendicularly to a direction in which the land 36 
and the terminal 54 are opposed to each other, i.e., 
horizontally in FIG. IIB, and then the epoxy resin 62 is 
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discharged from the gap between the land 3 6 and the 
terminal 54. Thereby, the epoxy resin 62 spreads out 
onto the connecting portion 35b of the surface electrode 
35 and surrounds the land 36, the terminal 54, and the 
solder 60, as illustrated in FIGS. IIC and IID. The 
epoxy resin 62 connects the cover film 52 of the FPC 50 
to the piezoelectric sheet 41. Accordingly^ the solder 
60 is disposed in the gap between the land 36 and the 
terminal 54, while the epoxy resin 62 is disposed in a 
region around the land 3 6 and the terminal 54 with 
connecting both to each other- That is, only the solder 
60 is interposed between the land 36 and the terminal 54 
so that the land 3 6 and the terminal 54 come into contact 
so as to be electrically connected to each other through 
the solder 60. 
[0075] 

Afterward, for example, a non-illustrated ceramic 
heater is disposed on the surface of the base film 51 of 
the FPC 50 to heat. At this time, the epoxy resin 62 is 
thermosetting in which the heated resin is softened to a 
degree that it can be processed, the further heated resin 
is hardened by a chemical reaction, and the once-hardened 
resin is never softened even when it is heated. When the 
solder 60 starts to be melted by being heated, the epoxy 
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resin 62 is scarcely hardened and in a soft condition. 
The epoxy resin 62 is scarcely deformed with heat and 
kept substantially in the condition as illustrated in 
FIGS, lie and IID, Afterward, by being further heated, 
the epoxy resin 62 becomes in substantially the same 
state as in FIGS, lie and llD, because the epoxy resin 62 
has the viscosity as well. That is, the epoxy resin 62 
becomes completely hardened, in the state when the above- 
described pressing process is completed, with connecting 
both the cover film 52 and the piezoelectric sheet 41 and 
also with covering the peripheries of solder 60 
connecting the land 36 and the terminal 54. 
[0076] 

The epoxy resin 62 and the solder 60 are not mixed 
with each other in the heating process. 
[0077] 

FIG. 12B illustrates a modification of the process 
for connecting a terminal to a land in the manufacturing 
method of the Inkjet head according to the above- 
described embodiment. FIG. 12 is a partial sectional 
view corresponding to FIG. IIB* In the above-described 
embodiment, as illustrated in FIG. IIB, the epoxy resin 
62 adheres to the surface of the solder 60, In this 
modification, however, the epoxy resin 62 adheres not to 
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the surface of the solder 60 but to the surface of the 
land 36. Even in case of performing the pressing and 
heating processes in the state of FIG. 12, the same state 
as in FIGS. IIC and IID of the above-described embodiment 
is obtained as a result. 
[0078] 

As described above, in the inkjet head 1 of this 
embodiment, because the interconnecting portion between 
each land 36 and the corresponding terminal 54 is in a 
region not opposed to the corresponding pressure chamber 
10, hindrance of deformation of the piezoelectric element 
of the actuator unit 21, i*e., the piezoelectric sheets 
41 to 44, can be suppressed. Therefore, because the 
volume of each pressure chamber 10 can be efficiently 
reduced, the problem of deterioration of ink ejection 
performance is relieved. 

[0079] 

Further, because the solder 60 is covered with the 
epoxy resin 62 that has fluidity lower than that of a 
metallic material such as the solder 60 even by being 
heated, movement of the solder 60 can be suppressed. In 
addition, because the epoxy resin 62 has spread out to 
the outside of the connecting portion 35b of the surface 
electrode 35 and surrounds the land 36, the terminal 54, 
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and the solder 60 (see FIGS. IIC and IID), such problems 
are relieved as hindrance of deformation of the 
piezoelectric element, rise of the resistance^ and 
braking/ which may occur when the solder 60 adheres to 
the main electrode portion 35a of the individual 
electrodes 35, , and also a short circuit between 
terminals which may occur when the solder 60 adheres to 
the neighboring terminal interconnecting portions. 
[0090] 

In case of using only solder, from the viewpoint of 
bonding strength^ it is required to relatively increase 
the area of the interconnecting portion between a 
terminal and an electrode, or to increase the amount of 
use of solder. However, either of the measures of 
increasing the interconnecting portion between a terminal 
and an electrode and of increasing the amount of use of 
solder is disadvantageous for a highly dense arrangement 
of pressure chambers . Such a highly dense arrangement of 
pressure chambers is a recent demand for Inkjet heads, 
and therefore there is a tendency that the 
interconnecting portions between electrodes provided to 
correspond to the respective pressure chambers and 
terminals of a printed circuit board are arranged at 
narrow intervals. In case of such a narrow interval 
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between interconnecting portions, it is difficult to 
increase the area of each interconnecting portion. On 
the other hand, in case of increasing the amount of use 
of solder, the problems such as hindrance of deformation, 
of the piezoelectric element, rise of the resistance, 
braking, and a short circuit may become more remarkable* 
[0081] 

In this embodiment, however, because the epoxy 
resin 62 surrounds the land 36, the terminal 54, and the 
solder 60, sufficient bonding strength can be ensured 
even if the bonding area between the land 36 and the 
terminal 54 is made relatively small or the amount of use 
of solder 60 is made relatively little. That is, this 
embodiment suitably meets the recent demand of a highly 
dense arrangement of pressure chambers, i.e., even in 
case that the pressure chambers 10 are arranged in a 
matrix in a plane of the ink passage unit 4 as in this 
embodiment so that the pressure chambers 10 are highly 
densely arranged. 

[0082] 

Because the epoxy resin 62 is disposed in a region 
opposed to no pressure chamber 10, hindrance of 
deformation of the piezoelectric element of the actuator 
unit 21, i.e., the piezoelectric sheets 41 to 44, can be 
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suppressed more surely. 
[0083] 

As illustrated in FIGS. IIC and llD, the epoxy 
resin 62 is disposed only in the vicinity of the land 36 
and does not adhere to the piezoelectric sheet 41 and the 
individual electrode 35 more than it is needed. This is 
suitable from the viewpoint of suppressing hindrance of 
deformation of the piezoelectric element of the actuator 
unit 21/ i.e./ the piezoelectric sheets 41 to 44^ and the 
economical viewpoint of suppressing the amount of use of 
the material. 

[0084] 

Because the thermosetting epoxy resin 62 is used^ 
the epoxy resin 62 can be hardened with heat in a state 
that the epoxy resin 62 covers the whole of the outer 
surface of the solder 60. That Is^ when the solder 60 is 
melted by being heated to have high fluidity, the epoxy 
resin 62 is in a soft state to suppress the flow of the 
solder 60. The epoxy resin 62 is then hardened. This 
surely suppresses the movement of the solder 60 from the 
vicinity of the land 36, and further improves the bonding 
strength between the terminal and electrode. 

[0085] 

In general/ in case of using only solder, flux must 
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be used. In case of using the epoxy resin 62 as in this 
embodimentr however, because the epoxy resin 62 tends to 
contain a small amount of ingredient functioning 
similarly to the flux, no flux need be used. This is 
convenience economically and environmentally. 
[0086] 

Because pressure chambers 10 are arranged in a 
matrix in a plane of the ink passage unit 4, a large 
number of nozzles can be provided at a high density and 
therefore image printing at a high resolution is possible, 

[0087] 

In FIGS- llA to lie and 12, either of the surfaces 
of the terminal 54 and the land 3 6 is smooth. In 
practice^ however, for reasons of process, at least 
minute unevenness in height is generally formed in either 
of the surfaces of the terminal 54 and the land 36. 
Therefor©/ it is difficult to bring a large number of 
terminals 54 of the FPC 54 and a large number of lands 36 
of the actuator unit 21 into sure contact with each other 
by pressing evenly the FPC 50 and the actuator unit 21 
onto each other so that the FPC 50 and the actuator unit 
21 is brought near each other. For this reason/ in this 
embodiment, the solder 60 is interposed in the narrow gap 
between the terminal 54 and the land 36 in each pair so 
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that electrical connection between them is sure. 
[0068] 

In the manufacturing method of this embodiment/ 
because the interconnecting portion between the terminal 
54 and the land 36 is in a region opposed to no pressure 
chamber 10^ the force for pressing the terminal 54 onto 
the land 36 can be effectively transmitted in comparison 
with a case wherein the interconnecting portion is in a 
region opposed to a pressure chamber 10. This makes it 
easy 1:o connect the terminal 54 and the land 3 6 to each 
other . 

{0089] 

In the manufacturing method of this embodiment/ the 
pressing process is performed after the solder 60 and the 
epoxy resin 62 are disposed between the terminal 54 and 
the land 36 in the order of the solder 60 and the epoxy 
resin 62 from the upper side. Thereby^ before the 
heating process^ the state as illustrated in FIGS. IIC 
and IID can be easily realized wherein the epoxy resin 62 
has been discharged from the gap between the terminal 54 
and the land 36 and covers the outer surface of the 
solder 60. 

[0090] 

Nextr a modification of the Inkjet head according 
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to the first embodiment of the present invention will be 
described with reference to FIGS, 13A to 13C. FIGS. i3A 
and 13B illustrate a process for connecting a terminal to 
a land^ in the order of steps, FIG, 13C is a plan view^ 
corresponding to FIG, lOB, illustrating an occupation 
area of an epoxy resin in the state of FIG. 133. This 
modification is the same as the above-described 
embodiment except the shape of the epoxy resin 62 and 
thus description of the same feature will be omitted. 
[0091] 

In this modification/ as illustrated in FIG« 13A, 
the epoxy resin 62 is disposed only in a region between 
the land 3 6 and the corresponding pressure chamber 10 
(see FIG, lOA) before the terminal 54 is pressed onto the 
land 36. In this modification, the state after the same 
pressing process as that described above is performed is 
as illustrated in FIGS. 13B and 13C. That is, the epoxy 
resin 62 covers only part of the solder 60, more 
specifically, only a portion of the solder 60 between the 
land 36 and the pressure chamber 10 (see FIG. lOA) . 

[0092] 

In this modification/ the force necessary for 
spreading the epoxy resin 62 out may be weak in 
comparison with that in the above-described embodiment, 
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Therefore/ the terminal 54 can be connected to the land 
36 by a relatively weak pressing force. This makes the 
connecting work easy. 
[0093] 

If an excessive pressing force is applied to the 
piezoelectric sheets 41 to 44 constituting the actuator 
unit 21, it may hinder the ink ejection performance. 
However^ this modification can relieve that problem. 

[0094] 

Further, because the epoxy resin 62 can suppress 
movement of the melted solder 60 to the main electrode 
portion 35a of the individual electrode 35, the problems 
such as hindrance of deformation of the piezoelectric 
element/ rise of the resistance, and braking are relieved. 
From the viewpoint of relieving the problem of a short 
circuit in addition to the problem described above, 
however, it is preferable that the epoxy resin 62 spreads 
out to the outside of the connecting portion 35b to 
surround the land 36/ the terminal 54, and the solder 60 
as in the above*described embodiment. 

[0095] 

The epoxy resin 62 may cover at least part of the 
solder 60. The portion of the solder 60 to be covered 
with the epoxy resin 62 can be adequately modified. For 
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example, when the epoxy resin 62 is disposed only in a 
region between neighboring connecting portions between 
land and terminal, a short circuit between the terminals 
can be suppressed, though the effect of preventing the 
hindrance of deformation of the piezoelectric element, 
rise of the resistance, and braking can not be obtained. 
[0096] 

Further, the position where the solder 60 is 
disposed before the pressing process, is not limited to 
the whole of the surface of the terminal 54 as • 
illustrated in FIG. IIA. it may be part of the surface 
of the terminal 54. Furthermore, it is not limited to 
the surface of the terminal 54, It may be the surface of 
the land 36. In this case, the epoxy resin 62 is 
disposed on the solder 60, i.e., on the side near the 
terminal 54 . 

[0097} 

AS illustrated in FIG. IIC or 13B, the solder 60 is 
disposed m the gap between the land 3 6 and the terminal 
54 and in the region bridging the gap along the 
peripheries of the land 36 and the terminal 54. However, 
the present invention is not limited to this feature. 
Tor example, even when the solder 60 is disposed only in 
the gap between the land 36 and the terminal 54, 
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electrical connection between them can be realiz d. 
Further, if all the terminals 54 can be surely brought 
into contact with the respective lands 36 in the pressing 
process, the solder 60 may be disposed only in the region 
bridging the gap between each pair of land 36 and 
terminal 54 along the peripheries of the land 36 and the 
terminal 54. Even in this case^ electrical connection 
between the lands 36 and the terminals 54 can be realized. 
[0098] 

Further, as long as the solder 60 can be prevented 
from spreading out, the epoxy resin 62 may not be in 
contact with the cover sheet 52, and may not surround the 
land 3 6, the terminal 54, and the solder 60. However, 
when the epoxy resin 62 is in contact with the cover 
sheet 52, improvement of bonding between the land 3 6 and 
the terminal 54 is achieved in addition to the advantage 
of suppressing problems due to movement of the solder 60 
as described above - 

[0099] 

Further, the epoxy resin 62 may be disposed in a 
region opposed to the pressure chamber 10. From the 
viewpoint of suppressing hindrance of deformation of the 
piezoelectric element of the actuator unit 21, i.e., the 
piezoelectric sheets 41 to 44, however, the epoxy resin 
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62 is preferably disposed in a region which does not 
contribute to the deformation of the piezoelectric sheets 
41 to 44 r even the region opposed to the pressure chamber 
10, or in a region not opposed to the pressure chamber 10 
as in the above-described embodiment* 
[0100] 

The epoxy resin 62 is disposed only in the vicinity 
of each land 36. However, the present invention is not 
limited to this feature. For example, the epoxy resin 62 
can be disposed at an arbitrary position in a region 
between the FPC 50 and the piezoelectric sheet 41. From 
the viewpoint of suppressing hindrance of deformation of 
the piezoelectric element of the actuator unit 21, i.e., 
the piezoelectric sheets 41 to 44, and from the 
economical viewpoint of suppressing the amount of use of 
the material, however, the epoxy resin 62 is desirably 
disposed only in the vicinity of each land 36. 

[0101] 

Further, in place of the epoxy resin 62, another 
thermosetting resin can be used. 
[0102] 

Further/ the metallic bond for electrically 
connecting the terminal 54 to the land 36 is not limited 
to the solder 60. Various metallic bonds such as tin are 
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usable. However, the thermosetting resin and metallic 
bond to be used in the present invention must have 
natures in which both are not mixed with each other upon 
being heated, 
[0103] 

Next, another modification of the Inkjet head 
according to the first embodiment of the present 
invention will be described with reference to FIGS. 14A 
to 14C« FIGS. 14A and 14B illustrate a process for 
connecting a terminal to a land, in the order of steps. 
FIG. 14C is a plan view, corresponding to FIG. lOB, 
illustrating an occupation area of an epoxy resin in the 
state of FIG. 14B. This modification is the same as the 
above'described embodiment except using a protrusion 162 
in place of the epoxy resin 62 and thus description of 
the same feature will be omitted, 

[0104} 

In this modification, as illustrated in FIG. 14A, a 
protrusion 162 has been formed on the connecting portion 
35b of each individual electrode 35 in advance before the 
terminal 54 is pressed onto the land 36. As illustrated 
in FIG. 14C, the protrusion 162 extends to the outside of 
the connecting portion 35b substantially perpendicularly 
to a line extending through the main electrode portion 
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35a of the individual electrode 35 and the land 36. The 
protrusion 162 may be made of a thermosetting resin such 
as an epoxy resin, or may be made of a material other 
than thermosetting resins. In Addition, the protrusion 
162 may be made of an inorganic material such as a 
silicon oxide and silicon nitride. That is, various 
materials can be used to form the protrusion 162 as long 
as the material has lower wettability (affinity) to the 
solder 60 having melted, if not intending the connection 
between the cover film 52 and the piezoelectric sheet by 
the protrusion 162. 
[0105] 

After the protrusion 162 is formed on the 
connecting portion 35b as illustrated in FIG. 14A, the 
ink passage unit 4 and the actuator unit 21 are bonded to 
each other such that the land 36 and the protrusion 162 
are in a region not opposed to the corresponding pressure 
chamber 10. Afterward, the solder 60 is disposed on the 
surface of the terminal 54 as described above, and then 
the pressing process is performed. 

[0106] 

As apparent from FIGS. 14A and 14B, the protrusion 
162 is not deformed in the pressing process. 
[0107] 
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As shown in 14B, the protrusion 162 is in contact 
with the cover sheet 52 of the FPC 50/ and connects the 
actuator unit 21 and the FPC 50. This connection of the 
actuator unit 21 and the FPC 50 by the protrusion 162 
strengthens bonding force between theza. However, the 
protrusion 162 may not connect the actuator unit 21 and 
the FPC 50, but needs to suppress movement of the solder 
60 having melted in soldering toward the main electrode 
portion 35a. For example/ height of the protrusion 162 
may be smaller then the distance between the cover film 
52 and the piezoelectric sheet 41 formed by contact of 
the terminal 54 and the land 36. 

[0108] 

In this modification/ the protrusion 162 suppresses 
movement of the solder 60 to the main electrode portion 
35a of the individual electrode 35. Therefore/ like the 
above-*described embodiment/ the effect is obtained of 
relieving the problems such as hindrance of deformation 
of a piezoelectric element, rise of the resistance, and 
braking, 

[0109] 

Because the protrusion 162 extends across the 
connecting portion 35b to the outside of the connecting 
portion 35b substantially perpendicularly to a line 
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extending through the main electrode portion 35a and the 
land 3 6, movement of the solder 60 toward the main 
electrode portion 3Sa of the individual electrode 35 can 
be effectively suppressed. 
[0110] 

By adequately changing the height or position of 
the protrusion 162/ the effect of suppressing the 
movement of the solder 60 can be controlled. For example, 
the protrusion 162 may be formed so as to surround the 
land 36, the terminal 54, and the solder 60 like the 
epoxy resin 62 of the first embodiment. 

[0111] 

Next/ a process for connecting a terminal to a land 
in a manufacturing method of an Inkjet head according to 
a second embodiment of the present invention will be 
described with reference to FIGS. ISA and 15B. FIGS. 15A 
and 15B illustrate a process for connecting a terminal to 
a land. In the order of steps. This embodiment is the 
same as the above-described first embodiment except the 
connecting portion between a terminal 54 and a land 36 
and thus description of the same feature will be omitted. 

[0112] 

In this embodiment, an ACP (Anisotropic Conductive 
Paste) 63 is used for connecting a terminal 54 to a land 
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36, in place of using the solder 60 and the epoxy resin 
62. 

[0I13J 

First, as illustrated in FIG. an ACP 63 is 

disposed on a surface of a land 36 by, e.g., transferring 
or printing. Afterward, with positioning each terminal 
54 to the corresponding land 36, the FPC 50 is brought 
near the piezoelectric sheet 41 and then pressed in a 
direction so that the land 36 and the terminal 54 get 
close to each other. In this pressing process, firsts 
the ACP 63 comes into contact with the surface of the 
land 36. In progress of the pressing process, the most 
part of the ACP 63 moves perpendicularly to a direction 
in which the land 36 and the terminal 54 are opposed to 
each other, i.e., horizontally in PIG. IIB. Thereby, as 
illustrated in FIG. 15B, in the vicinity of the land 36, 
the most part of the ACP 63 covers the side face of the 
terminal 54 and surrounds the peripheries of the land 36 
and the terminal 54 . On the other hand, the remaining 
part of the ACP 63 stays in the narrow gap between the 
land 36 and the terminal 54, and conductive particles in 
the ACP 63 electrically connects the land 36 and the 
terminal 54 to each other. 
[0114] 
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Afterward/ by performing the same heating process 
as in the above-described first embodiment, the 
thermosetting ACP 63 is completely hardened in 
substantially the same state as in FIG. 15B, I.e., in the 
state when the above-described pressing process is 
completed . 

[0115] 

As described above, in this embodiment, electrical 
connection between the land 36 and the terminal 54 is 
realized by the ACP 63, Thus, without using the solder 
60 as in the first embodiment, the terminal 54 and the 
land 36 can be connected to each other only with a single 
bond of the ACP 63, This makes the manufacture 
relatively easy. 

[0116] 

Also in this eiabodiment/ like the first embodiment, 
because the interconnecting portion between each land 3 6 
and the corresponding terminal 54 is in a region not 
opposed to the corresponding pressure chamber 10, 
hindrance of deformation of the piezoelectric sheets 41 
to 44 can be suppressed. Therefore, because the volume 
of each pressure chamber 10 can be efficiently reduced, 
the problem of deterioration of ink ejection performance 
is relieved* 
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[0117] 

Further, because the ACP 63 is used for 
electrically connecting each land 36 to the corresponding 
terminal 54 in place of a metallic bond such as solder 60, 
the problems such as hindrance of deformation of a 
piezoelectric element/ rise of the resistance, and 
braking, together with the problem of a short circuit 
between terminals can be relieved. 

[0118] 

Further, because the ACP 63 is disposed in a region 
not opposed to the pressure chamber 10, hindrance of 
deformation of the piezoelectric element of the actuator 
unit 21, i.e., the piezoelectric sheets 41 to 44, can be 
suppressed. 

[0119] 

Further, as apparent from FIG* 15E, because the ACP 
63 surrounds the land 36 and the terminal 54, sufficient 
bonding strength can be ensured. Therefore, lilce the 
first embodiment, this embodiment also suitably meets the 
recent demand of a highly dense arrangement of pressure 
chambers, i.e., even in case that the pressure chambers 
10 are arranged in a matrix in a plane of the inlc passage 
unit 4 as in this embodiment so that the pressure 
chambers 10 are highly densely arranged. 
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[0120] 

Further, because the ACP 63 containing conductive 
particles is used, even in case that terminals 54 do not 
surely come into contact with the respective lands 36 
when the FPC 50 is brought near the piezoelectric sheet 
41, the ACP 63 is between each terminal 54 and the 
corresponding land 36 to realize electrical connection 
between them. Besides, although solder 60 must be heated 
to about 200 degrees C. for melting, heating to about 100 
degrees C. suffices in this embodiment. This is because 
the ACP 63 is hardened at about 100 degrees C. 
[0121] 

The ACP 63 is disposed in the gap between the land 
3 6 and the terminal 54 and in the region bridging the gap 
along the peripheries of the land 36 and the terminal 54. 
However, the present invention is not limited to this 
feature. For example, even when the ACP 63 is disposed 
only in the gap between the land 36 and the terminal 54, 
electrical connection between them can be realized. 
Further, if all the terminals 54 can be surely brought 
into contact with the respective lands 36 in the pressing 
process, the ACP 63 may be disposed only in the region 
bridging the gap between each pair of land 36 and 
terminal 54 along the peripheries of the land 3 6 and the 
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terminal 54. Even in this case, electrical connection 
between the lands 36 and the terminals 54 can be realized* 
[0122] 

The ACP 63 may not surround the land 36 and the 
terminal 54 and may cover only part of the gap between 
them. Further, the present invention is not limited to 
the feature that the ACP 63 is disposed only in the 
vicinity of each land 36. For example, the ACP 63 can be 
disposed at an arbitrary position in a region between the 
FPC 50 and the piezoelectric sheet 41 if the position is 
in a region not opposed to any pressure chamber 10, From 
the viewpoint of suppressing hindrance of deformation of 
the piezoelectric element* of the actuator unit 21, i.e., 
the piezoelectric sheets 41 to 44, and from the 
economical viewpoint of suppressing the amount of use of 
the material, however, the ACP 63 is desirably disposed 
only in the vicinity of each land 36. 
[0123] 

In this embodiment, the ACP 63 is used as a bond. 
However, the present Invention is not limited to this 
feature* For example, various other thermosetting resins 
such as an NOP (Non-conductive Paste) are usable. In 
case of using a thermosetting resin, e.g., an NCP, other 
than that containing conductive particles, such as the 
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ACP 63 r however, no gap must be formed between any 
terminal 54 and the corresponding land 3 6 to bring them 
into contact with each other, and the resin must be 
disposed around them. In case of including many 
terminals 54 and many lands 36 as in this embodiment, it 
is very difficult in practice to eliminate a gap from any 
connecting portion between them. For this reason/ each 
terminal 54 is preferably made of a relatively soft 
material such as gold. This makes it easy to eliminate a 
gap from any connecting portion. 
[0124] 

Further, the position where the AC? 63 is disposed 
before the pressing process is not limited to the whole 
of the surface of each land 36 as illustrated in FIG. 15A. 
It may be part of the surface of the land 36 or may be a 
surface of each terminal 54. 

[0125] 

Further^ the pressure chambers 10 formed in the ink 
passage unit 4 may not be arranged in a matrix. Further, 
the piezoelectric element of the actuator unit 21 may not 
have its size extending over pressure chambers 10 as the 
piezoelectric sheets 41 to 44, A piezoelectric element 
may be provided for each pressure chamber 10. 

[0126] 
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In either of the above-described first and second 
embodiments, the state after the heating process scarcely 
changes from the state after the pressing process. 
However, the present invention is not limited to this 
feature. For example, it suffices if the state after the 
heating process, i.e., the state after the hardening 
reaction of the thermosetting resin is completed^ is the 
state as illustrated in FIGS. IIC and IID, FIGS. 13B and 
13C, or FIG* 15B. 

[0127] 

An Inkjet head of the present invention is not 
limited to that of a line printing type Inkjet printer as 
in the above-described embodiments in which printing is 
performed with moving a print paper relatively to the 
fixed head main body 2a. For example/ the present 
invention is applicable also to an ink jet head of a 
serial printing type Inkjet printer in which printing is 
performed on a print paper with a head main body 
reciprocating perpendicularly to the movement of the 
print paper. 

[0128] 

Further, an Inkjet head of the present invention is 
not limited to that of an Inkjet printer. For example, 
the present invention is applicable also to an inkjet 
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head of an Inkjet facsimile or copying machine. 
[0129] 

While this invention has been described in 
conjunction with the specific embodiments outlined above, 
it is evident that many alternatives, modifications and 
variations will be apparent to those skilled in the art, 
Accordingly, the preferred embodiments of the invention 
as set forth above are intended to be illustrative, not 
limiting. Various changes may be made without departing 
from the spirit and scope of the invention as defined in 
the following claims. 
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